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Description 



This invention relates to a new macrolide compound and to related derivatives from which useful 
ca'fbe prepared'' ' ^^^^^^^^^^^ '''''''' 2339 (1 970)) and tylosin derivatives. 

This new compound, which is 5-0-mycarosyl-20-dlhydro-2a23-dideoxytylonolide, will be called 
mycarosyltylactone for convenience herein. Mycarosyltylactone has structure 7: 



JO 



15 



20 



CHo— CHo 
17 16*^ 




25 Although no stereochemical assianments arp inHirato^ *u * . 
Related mycarosyltylactone derivatives have structure 2: 

30 



35 



CHo-CH^ 




O 0 



15 



wherein R and R^ are acyl moieties 

^Vcar?;^.t7aao:.TJerarer^^^^ ^^^^ prepared from the 

preparing tylactone or the 3-0-acvltvl^a«nnp h1?i. u , J' ^^-^ '"mention provides a process for 

or the mvcarosvltvlacton: de^v't^rolTt^u'ctu^e ^Tesp^all'e ^^^^ °^ -vcarosv.tv.actor.e 

The 3-0-acvltylactone derivatives of this invention have structure 3: 



CH3-CH2 




CH2-CH3 



60 
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; 2 and 3 are useful ,ntern.ed,ates ^^^f,;^^ pToTesrS 

derivatives. Tylactone has the forn^ula 4. 



?5 



20 




25 



4 

. . r.n be distinguished from ^tactone and rylosin 
summarized in Table ^. 



30 



TABLE 1 
TLC of MycarosyltYlactone^ 

Rf Value 



35 Compound 



MYcarosYttylactone 



0.17 0.44 
0.50 0.62 



Tylactone 

^0 0.0 0.0 

Tylosin 



50 



55 



60 



^Medium. Silica gel ^^^^^ ,4.^, 

hp nreoared by culturing a strain of S'^!^°j°'"J''[f e ^^^<^Ja^ u^til a 
Mvcarosvltylactone f ^^PSaVd aerobic conditions m a suitable culture me 

For economy in P^o^*^^^'°'';^riip nrpferred carbon sources '^'^e scaie preferred nitrogen 

Essential trace elements necessary elements commonly o"ur as w ■ ^ 

may be necessary ^° '."T la^ae-scale fermentation med a ' ;°^"]'"^^erqed aerobic fermentation 
glycol (M.W. about °J^^;^^;,antities of mYcarosyltylactone^subr^erged ^^^,,,33, ,,„,,e. 

; . .nS^^S^d1r;rtit?es of mycarosyuylactone may be obtained 
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Because of the time lag in production commonly associated with inoculation of large tanks with the 
spore form of the organism, it is preferable to use a vegetative inoculum. The vegetative inoculum is pre- 
pared by inoculating a small volume of culture medium with the spore form or mycelial fragments of the 
organism to obtain a fresh, actively growing culture. The vegetative inoculum is then transferred to a 

5 larger tank. The medium used for the vegetative inoculum can be the same as that used for larger 
fermentations, but other media can also be used. 

The microorganism of use in the process of the invention was obtained by chemical mutagenesis 
of a Streptomyces fradiae strain which produced tylosin. The microorganism obtained by mutagenesis 
produces only minimal amounts of tylosin, but produces mycarosyltylactone and tylactone as major 

'0 components. 

The new microorganism which produces mycarosyltylactone is classified as a strain of 
Streptomyces fradiae . A culture of this microorganism has been deposited and made part of the stock 
culture collection of the Northern Regional Research Center, Agricultural Research, North Central 
Region, 1815 North University Street, Peoria, Illinois, 61604, from which it is available to the public 
15 under the accession number NRRL 12201. 

As is the case with other organisms, the characteristics of Streptomyces fradiae NRRL 1 2201 are 
subject to variation. Recombinants, mutants or variants of the NRRL 1 2201 strain can be oDtained by 
methods known in the art. For example mutants can be obtained by treatment wttn various known 
physical and chemical mutagens, such as ultraviolet light, X-rays, gamma rays, and N'methyl-N'-nitro- 
20 N-nitrosoguanidine. All natural and induced variants, mutants and recombinants of Strepiomyces fradiae 
P NRRL 12201 which retain the characteristic of mycarosyltylactone production may be used to prepare 
the compounds of this invention. 

5. fradiae NRRL 12201* can be grown at temperatures between about and about 40*^0. 
Optimum production of mycarosyltylactone appears to occur at temperatures of about 28°C. 
26 As is customary in aerobic submerged culture processes, sterile air is bubbled througn the culture 

medium. For efficient antibiotic production the percent of air saturation for tank proauction should be 
about 30% or above (at 28°C and one atmosphere of pressure). 

Production of mycarosyltylactone and tylactone can be followed during the fermentation by 
testing samples of the broth, using TLC or high-peformance liquid chromatography with a UV detection 
30 system. 

Following its production under submerged aerobic fermentation conditions, mycarosyltylactone 
can be recovered from the fermentation medium by methods used in the art. Because of the limited 
solubility of mycarosyltylactone in water, it may not be altogether soluble in the medium in which it is 
produced. Recovery of mycarosyltylactone, therefore, can be accomplished by 1) extraction of the 
35 fermentation broth or 2) filtration of the fermentation broth and extraction of both the filtered broth and 
the mycelial cake. A variety of techniques may be used in the extraction processes. A preferred 
technique for purification of the filtered broth involves extracting the broth (generally without pH 
adjustment} with a suitable solvent such as amy! acetate or petroleum ether, concentrating the organic 
phase under vacuum to give crystals or an oil. The crystals or oil thus obtained may be purified by 
adsorption chromatography to give mycarosyltylactone and tylactone. 

Mycarosyltylactone can be esterified at the 3- and 4'-hydroxyl groups to give the acyl ester 
^ derivatives of formula 2 by treatment with acylating agents using methods known in the art. The acyl 
W ester derivatives of mycarosyltylactone are useful as intermediates in the preparation of new macro- 
lide antibiotics. 

"'^ Typical acylating agents include anhydrides, halides (usually in combination with a base or other 

acid scavenger) and active esters of organic acids. Acylation can also be achieved by using a mixture of 
an organic acid and a dehydrating agent such as N,N'-dicyclohexylcarbodiimide. 

The derivatives can be prepared by esterification techniques generally known in the art, such as, 
for example, treatment of the compound with a stoichiometric quantity (or a slight excess) of an 
50 acylating agent, such as an acyl anhydride, in an organic solvent (for example, pyridine) at about 0°C to 
about room temperature for from about 1 to about 24 hours until esterification is substantially 
complete. The ester derivative can be isolated from the reaction mixture by standard procedures such 
as extraction, chromatography and crystallization. 

Useful esters are those of organic acids including aliphatic, cycioaliphatic, aryl, aralkyl, hetero- 
55 cyclic carboxylic, sulfonic and alkoxycarbonic acids of from 1 to 1 8 carbon atoms, and of inorganic 
acids, such as sulfuric and phosphonc acids. 

Preferred esters are those wherein R is an acyl moiety derived from a monocarboxylic acid or 
dicarboxylic acid of from 1 to 1 8 carbon atoms. 

Representative suitable esters include those derived from acids such as formic, acetic, chloro- 
60 acetic, propionic, butyric, isovaleric, glucuronic, alkoxycarbonic, stearic, cyclopropanecarboxylic, cyclo- 
hexanecarboxylic, /?-cyclohexylpropionic, 1 -adamantanecarboxylic, benzoic, phenylacetic, phenoxy- 
acetic, mandelic and 2-thienylacetic acids, and alkyi-, ary\-, and aralkyl-sulfonic acids, the aryl- and 
aralkyl- acids optionally bearing substituents such as halogen, nitro, lower alkoxy and the like on the 



deposited 10th July 1980. 
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3..a.c .oletv. Su.a.e este. also ,nc.de .e.,e.e. derived f.o. dica.oxvUc ac.s s.c. as 
CO S maleic, fur^aric, malonic and P^^t^a'. ac-ds^ ..^m which 16-membered 

The compounds of structures ?, 2 and J a e = " , , ^^ng (/) can be hydrolyzed usmg 
.acro'Se Tr^tiSiotics can be P-P-d For example -V-^^^^^^^^^^^^^^^ ^.^ative of forr.u.a 2 car, be 
mild acid conditions to give 'vlactone (4). Likew se a^^^^ Y^^^.^^ ^^^^^,3 3 
hydrolyzed to give the corresponding ^-p-actY'^iacto 3^,^,10^5 having a pH of abou 

Mild acid hydrolysis conditions know" 1^^^^^ ^,^,^3, organic cosolvent, such as an alcohol 

,cco^Jlis»ed b, adding ,vlac,o™ IJ^Z%lfZ>^ which eith., produces tyios.h „«lf or 

A strain which is capable of producing tylos.n except screening survivors for those 

.e obfa n?d by treating a tyiosirj-producing J^^^-^, re'u" ble to produce tylosin are furt er 

which are unable to P^^^^^^^^^'^s^^e enable to produce tylactone but are f "'^^P^^^^3,°;.flaSk 
screened to determine which strains a « ^"^^^ .^^^^^.,3^ by adding tylactone to small shake flask 

I?n. ,1 N-methyl-N'-nitro-N-nitrosoguanidine. especially useful in the preparation of 

TV acmne and the 3-0-acyltylactone ^^7^'':" V abeS either the tylactone portion or 

'^:::z:::< .....ch — 

35 provided: 

Example 1 

A ^hake-flask Fermentation of MvcarosyltYlactone dispersed in 1-2 ml of sterilized 

„ 13pdtro,"^;:rsoiiri?rrr:'i?rhiciia,e , ..did. n.o 

the following composition: 

ingredient Annount^ 
1.0 



w 



15 



20 



45 



50 



Corn steep liquor 
Yeast extract 

Soybean grits 

CaC03 

Soybean oil (crude) 
Deionized water 



0.5 
0.5 
0.3 
0.45 
97.25 



. MDpi 19901 oreserved, in 1 -ml volumes, in liquid 

Alternatively, a vegetative culture of S. '^'^'''J^^^^^^^^ The inoculated vegetative 

.nogen was rap-d.y thawed ^^^^^^^^^^^ TTs^C for about 48 hours on a closed-box 

„ sr-r^dS'- ' 1 „ , „„ ,p ,„cc..» ..id.. d-dd„dd ..did. 

This incubated vegetative medium (U.b mu 
having the following composition. 



65 



JO 



15 
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Ingredient 


Amount (%) 


Beet nnolasses 


2.0 


Corn meal 


1.5 


Fish meal 


0.9 


Corn gluten 


0.9 


NaCI 


0.1 


(NH InHPC 


0.04 


CaC03 


0.2 


Soybean oil (crude) 


^ ■ V 


Deionized water 


91.36 



'° ^ The inoculated fermentation medium was mcubated in a 50-m! oottle at 29^0 for about 6 days 
on a closed-box shaker at 300 rpm. 

B. Tank Fermentation of Mycarosvltylactone ,ece'at culture, prepared in a manner 

medium having the following composition: 

Ingredient Amount {%) 

Corn steep liquor ^ -0 

Soybean meal ^-^ 

Yeast extract 0-5 

CaC03 0-3 

Soyoean oil (crude) ^-^ 

Lecithin (crude) 0.01 5 

Water 97-^85 
The pH was adjusted to 8.5 with 50% NaOH solution. 

This second-stage vegetative medium was incubated m a 68-liter tank for about 47 hours at 

^^^'^Second-stage culture (4 L) thus prepared was used to inoculate 40 litres of sterile production 
so medium having the following composition: 



30 



35 



45 



55 



60 
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Ingredient Amount (%} 



Fish meal ^-^^ 
Corn meal ^'^^ 
Corn gluten ^-^^ 



CaC03 
NaCI 



0.21 
0.10 



(NHJ^HPO, O-O"^ 
J 5 Beet molasses 2.10 

Soybean oil (crude) 3.15 
Lecithin 

20 



0.09 



Water 90-90 
The pH was adjusted to 7.2 with 50% NaOH solution. 

Example 2 

'"'^t^rmlnSoTbS^rmrob?^^^^^^^^^^ described in Example 1, Section A, was extracted with 

Fractions having a volume of about 50 ml were ^ j^^^ 

50 and a molecular weight of about 538 ,„„pprn^vltvlactone in chloroform is shown in the 

55 .small). 1284 (smail), 1263 (verv small), \229 "SmaU), 1 1 7a istrong^^ = 

'r"i,,S.1o;ef.b™mion .»ecuu,.^o. ,„c„o„.r,lac,o„e in „e.,r,l e,h,no. ..h*i,s an 

60 absorption maximum at about 282 nm lEj^^ - 568) 46 4° (c 1 CH.OH). 

dimethyl sulfoxide. 



55 
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Example 3 

5 G^-.carosyitviactone 



jctc^^o 20 mgf, prepared as described in Example 2, was dissolved in pyridine 
0 5 A. rr.c jnhvCMLie 0 25 ml) was added. The resulting mixture was stirred at room temperature 
*o- ' b ^o,.'s ar.:: concentrated to dryness under vacuum. The residue was re-evaporated from 
-^♦'^'-fl^t^ o^^Mane .nt,t a solid was obtained to give 3,4'-di-0-acetYl-5-0-mycarosyltylactone. 

Examples 4 — 7 

3 0 0 c:ro:;ionvi-4-0-mycarosyl-rylactone, was prepared according to the procedure of 
it.r^t't* 3 -^'^N proDionic anhydride. 

3 4 0 isovjier\;-5-0-mycarosyltylactone, was prepared according to the procedure of 
t»d''^i;'*f 3 i:oT jsmg .sovaieric anhydride. 

3 c D 0 r:en:cvi S-O-mycarosyltylactone was prepared according to the procedure of Example 
J :;u; jSif.y benzoic annydride. 

3 4 0,-0-^n-DuryrviN5-0-mycarosyltylactone. was prepared according to the procedure of 
Ekc)^'^[:ie 3 L:ur usmg n-butync anhydride. 

Example 8 

^'*^i;'<^ra:;or^ 0^ Tyfacione from Mycarosyltylactone 

Vl.carosvityiactone prepared as described in Example 2, was dissolved in a methanol-aaueous 
-,.:'o<:"i,,,f.c ac.a soiuiion ^pH 1.8). The resulting solution was allowed to stand until hvdrolvsis was 
..o'";:.e;e .varm.ng over a steam bath for about 30 minutes) and then adjusted to pH 7 0 bv the 
..,:c!.!:or ot sod.um nyoroxide. This solution was extracted with ethyl acetate, dichloromethane or 
:"iCfotorm ^he e. tract was dried and evaporated under vacuum to give tylactone 

'v.acione ,s a white solid which crystallizes from heptane, hexane or ethyl acetate-hexane and 
.-.^.c. me.s at about 162-163=C. It has the following approximate percentage eSiental J^posi 
nn :3rnon 70-^ h vOrogeo ^ 9. 7%; oxygen, 20.3%. It has an empirical formula of C„H ' 0, and a 
— oiecuiar ..veigni ot aoout 394. ^23n38v-'5 ana a 

■-e :nua,eo aosorption spectrum of tylactone in chloroform has observable absorption maxima at 
' T"^- '^"^ (medium), 2924 (strong), 2398 (weak), 2353 (weSoT7C9 

strong, 1678 ^^^^^g, ,g2g ,3^3,,, ^^^^ (very strong), 1458 (stronc) 1 447 (SL dprf 

s:rangv ,379 ,small), 1316 (strong), 1284 (medium), 1 181 (very strongri 43 (stronSri^^^^^^^ 



5C 



60 



65 



-^...m, ,078 ;mecium,, 1049 (very small). 1025 (med m) 984 i; ^ s ong 958 strZ) 9^? 
^....^ 91, .snoulderl. 859 (small). 868 (medium). 840 (medium78To ('very^mlran'il" 

■-..rZ ";"a;::r 282 nm rES=%'6oT"" °' ^^'^'^''^ ^''^-P^'O" 

'■.lactone has the following specific rotation: 

['>!f - 55.23° (c 1, CH3OH). 
■ :-at3orgro"pr °' dimethylformamide indicates it has r,o 

3 , ^ ^ Example 9 

= 'eoaration of 3-0-Acetyltylactone 

3cc-ramV'^o°rht"ml",h"H""'yT°^^''^'^'''°"^- P^^P^^^d as described in Example 3, was hydrolyzed 
.i«wSctone °' ' ^^'"9 methanoLO.IN HCI (1:1; p^H 1,5) to giSe S 

TOD , , Example 10—13 

^.>^:°T::^^J^ eSTs "'■<*-0-»«-l"Vl-5.0-n,vc.,osv«v,..,.„. o, 

E«™„';°7"*'X'tr.'„.l^Sr9.''''"' "■■«-°-'"-'»"V'v"-5-0-vc„0S,„vl«,„„, 0, 

n ^ ^ Example 1 4 

Preparation of Tylosin from Tylactone 

A Strepromyces fradiae strain wh.ch formerly produced tylosin out which is blocked in macrotide 



8 
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1, Section A. A 



10 



15 



20 



25 



nng closure was fermented -cording to the p.^^^^^^^^^ Example^ ^^^^ ^^^^^^^^^^^ 

terr^perature of 28^0 was used. Ty^c one ^^^^ ^^^^^^^^^ produced, i.e. for about 

The fermentation was then con inued u^^^^^ ^JY^.^^ ^^^^^^^ 

three additional days. The presence or 'Yiosjn oraanism was Staphylococcus aureus 

UV detection. 

Example 1 5 

Preparation of Labelled Tylosin ^^.hnri of Examoles 1 and 2 except that a labelled 

Mycarosyltylactone was P-P^/f^^^^^ '^3^,^^^ mo ,he ferm^^^^^^^^^ medium. Labelled mycarosyl- 
acetate, propionate, ^^^^vrate wa incorpora ed nto he fer ^^^^^^ ^^^^^^^ ^ 

riS^larnrrafured trpre^pa^r^vlosirat^rd:^ to the pro^cedure of Example 14. Tylosin 
labelled on the macrolide ring was thereby provided. 

Example 16 

Preparation of 3-0-AcetVl-5-0-3-desosaminyl^lac^^^ ^.^^ 1 -,-bromo-2-0- 

antibiotic M — 4365 G^). 



Cla 



ims for the Contracting States: BE CH DE FR GB IT LI LU NL SE 



1. A macrolide of fornnula (I) 



35 



40 



45 




CH2-CH3 

19 2D 
0 Q 



wherein R is hydrogen or acyf. a 



(I) 



nd wherein Q is hydrogen or a nnycarosyl group of fornnuia: 
OH 



50 



55 



60 
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wherein R' is hydrogen or acyi: 

''''''T^^^^eViX^^-^^s^ -^n claim 1 , wherein when R is acyl, Q is hydrogen or a 

"^"H' maao'lide :f'Sm"'la(iras claimed in Cairn 1 or 2, where R and are acyl moieties derived 
from a' mono or dicarboxylic acid containing from 1 to 1 8 carbon atoms. 

5 A'pro?ess'i?rprepanng a macroiide of formula .1) which comprises culturir^g a strain of 
5. A P^°"^^.;°' P'^^^^^ .^201 under submerged aerobic conditions in a culture medium 

optionally by; 



i 





w 



15 



20 
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(a) acylation to form a compound of formula (I) in which nn. k . r. 

(b) m.ld hydrolysis of a compound of formula ( I) prep^rS as^n Z T ^ ^ ^^vC 
formula (I) in which Q is hydrogen and R is acyl. ^'^^^'^"^ above to give a macrolide of 

Claims for the Contracting State: AT 

1. A process for preparing a macrolide of formula (I): 

O 



CHo-CHo 
17 16^ 




(') 



25 



OH 



30 



35 



Wherein is hydrogen or acyl- 
provided that when Q is hydrogen R is acvi" 
which comprises culturing a strain of StrTnfnrr. 

conditions in a Cll\t\ira rr»£aW;..™ ^ ■ . ^ 



— H^M Lurriprises culturing a strain of ^fr^nt^r^ . 

R IS hydrogen; followed optionally by: " " ^Vdrogen and Q is a mycarosyl group in which 



40' 



formula (I) in which Q is hydrogen Tnd r ; ° - . Prepared as in (a) abovR to gi 
2. A process according to'claim 'i fr!i^ Z^'J'' 

g lo Claim l for preparing mycarosyltylactone. 

''S Revendications pour les Ptatc * 

Etats contractants: BE CH DE FR GB (T LI LU ML SE 

1- Macrolide de formule fl): 



are acyl; 
Tiacroiide ot 



50 



55 



60 



CHn-CHp 
17 ^ 16*^ 




(I) 



10 
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Revendications pour I'Etat contractant; AT 

1. Precede de preparation d'un macrolide de formule (I): 



10 



OH 



^ Lci 



CH^ 



^^3 

'5 dans laquelle represente un atome d'hydrogene ou un groupe acyle; 

avec cette reserve que si 0 est un atome d'hydrogene, R est un groupe acyle. 

2. Macrolide de formule (I) suivant la revendication ^, dans lequel, lorsque R est un groupe acyle, 
Q est un atome d'hydrogene ou un groupe mycarosyle dans lequel R' est un groupe acyle. 

3. Macrolide de formule (I) suivant la revendication 1 ou 2, dans lequel R et R^ sont de fractions 
20 acyle derivant d'uin acide mono- ou dicarboxylique contenant 1 a 18 atomes de carbone. 

4. La mycarosyltylactone. 

5. Procede de preparation d'un macrolide de formule (i), caracterise en ce qu'il consiste a cultiver 
une souche de Streptomyces fradiae NRRL 1 2201 dans des conditions aerobies submergees et dans un 
milieu de culture contenant des sources assimilables de carbone, d'azote et de sels inorganiques de 

25 facon a obtenir un compose de formule (I) dans laquelle R est un atome d'hydrogene et Q est un groupe 
mycarosyle dans lequef R' est un atome d'hydrogene, cette etape etant facultativement suivie de: 
(a) une acylation pour former un compose de formule (I) dans laquelle un ou les deux radicaux R et 
0 sont des groupes acyle; 

(bl une hydrotyse moderee d'un compose de formule (t) prepare comme decrit sub (a) ci-dessus 
30 pour obtenir un macrolide de formule (I) dans laquelle 0 est un atome d'hydrogene et R est un groupe 
acyle. 



35 



40 



45 




CHo-CHo 
17 3 16^ 



dans laquelle R est un atome d'hydrogene ou un groupe acyle, tandis que Q est un atome d'hydrogene 
ou un groupe mycarosyle de formule: 



50 
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dans laquelle R' est un atome d'hydrogene ou un groupe acyle: 

avec cette reserve que si Q est un atome d'hydrogene, R est un groupe acyle: 

caracterise en ce qu'il consiste a cultiver une souche de Streptomyces fradiae NRRL 12201 dans des 

conditions aerobies submergees et dans un milieu de culture contenant des sources assimilables de 



to 
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carbone, d'azote et de sels inorganiques pour obtenir un compose de formule (I) dans laquelle R est un 
atome d'hydrogene et Q est un groupe mycarosyle dans lequel R' est un atome d'hydrogdne; cette 
etape etant facultativement suivie de: 

(a) une acylation pour former un compose de formule (I) dans laquelle un ou les deux radicaux R et 
Q sont des groupes acyle; 

(b) une hydrolyse moderee d'un compose de formule (I) prepare comma d^crit sub (a) ci-dessus 
pour obtenir un macrolide de formule (I) dans laquelle Q est un atome d'hydrogene et R est un groupe 
acyte. 

2. Procede suivant la revendication 1 pour la preparation de la mycarosyltylactone. 



Patentanspruche fiir die Vertragsstaaten: BE CH DE FR GB IT LI LU NL SE 

J5 1. Makrolid der Forme! (I) 




worin R Wasserstoff oder Acyl ist und worin Q Wasserstoff oder eine Mycarosylgruppe der Forme! 



35 



40 



45 



50 



OH 

CH3 
OR' 



ist, wobei R' Wasserstoff oder Acyl bedeutet. mit der Maligabe, daS R fiir Acyl steht. falls Q Wasserstoff 

2. Makrolid der Formel (I) nach Anspruch 1 , dadurch gekennzelchnet, daS Q Wasserstoff oder eine 
Mycarosylgruppe ist, worm R' fur Acyl steht, falls R Acyl ist. J.^"" oaer erne 

3 Makrolid der Formel (I) nach Anspruch 1 oder 2, dadurch gekennzelchnet, daS R und R' 
Acylreste sind, die von einer Mono- oder Dicarbonsaure abgeleitet sind, die 1 bis 1 8 Kohlenstoffatome 

c n m a IT. 

4. Mycarosyltylacton. 

5. Verfahren zur Herstellung eines Makrolids der Formel (I), dadurch gekennzeichnet daS man 
55 emen Stamm von Streptomyces fradiae NRRL 12201 unter submersen aeroben Bedingun^^^^^ 

Kulturmed.um, das ass.m.herbare Quellen fur Kohlenstoff, Stickstoff und anorganische Salze enthl^ 
zur B.ldung emer Verb.ndung der Forme! {!), worin R Wasserstoff ist und Q fQr einen (Vlyca rosy! rest 
steht, worm R^ Wasserstoff ist, zuchtet und gegebenenfalls ^;>y"ebi 

(a) durch Acylierung eine Verbindung der Formel (I) bildet, worin einer oder beide Reste R und Q 
60 Acyl bedeuten, oder 

(b) eine gemaft obiger Stufe (a) hergestellte Verbindung der Formel (I) durch Hydrolyse unter 
^eht^"^ ^®^'^9^"9®" ^'^ Makrolid der Formel (I) uberfuhrt, worin 0 Wasserstoff ist und R fur Acyl 
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1. Vedahren zur Herstellung eines Makrolids der Formel (1) 



10 
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(I) 



20 worin R Wasse 



25 



30 



CHo-CHn 
17 2 16^ 



rstoff Oder Acyi ist und worin Q Wasserstoff oder eine Mycarosylgruppe der Formel 

OH 

CM 



CH^ 



35 SU 



40 



ist wobei Wasserstoff oder Acyi bedeutet, mit der Ma(3.gabe, daS R fur Acyl steht, falls Q Wasserstoff 
ist! dadurch gekennzeichnet, daG. man einen Stamm von Streptomyces fradiae NRRL 12201 unter 
bmersen aeroben Bedingungen in einem Kulturmedium. das assimilierbare Quellen fur Kohienstoff, 



SticksToff und anorganische Saize enthait, zur Bildung einer Verbindung der Formel (1), worin R Wasser- 
stoff ist und Q fur einen Mycarosylrest steht, worin R^ Wasserstoff ist, zuchtet und gegebenenfalls 

(a) durch Acylierung eine Verbindung der Formel (I) bildet, worin einer oder beide Reste R und Q 

Acyi bedeuten, oder , , , 

(b) eine gemaS obiger Stufe (a) hergestellte Verbindung der Formel (I) durch Hydrolyse unter 
milden Bedingungen in em Makrotid der Formel (1) uberfuhrt, worin Q Wasserstoff ist und R fur Acyl 
steht. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG. man Mycarosyltylacton herstellt. 
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^ Macrolldes. 

@ Macrolldes of formula 0) "- 



, CH3— CH2 
17 16 




OH CH3 




(I) 



wherein is hydrogen or acyl. 

provided that v.hen Q is hydrogen. R is a^yl- ^^^^^^^I 
nared by the submerged aerobic cultivation of Streptomyces 
f^adiae NRRL 12201 and are useful as intermediates in the pre- 
paration of other macrolides such as tylosin. 



Where. P ,s hvdrooen or acyl, and where.n Q .s hydrogen 



A 



ACTOBUM AG 



0045205 

X-5659 -1- 



MACROLIDES 

This invention relates to a new macrolide 
compound and to related derivatives from which useful 
antibiotics, such as tylosin (see, for example, 
5 Tetrahedron Letters , 2339 (1970)) and tylosin deriv- 
atives, can be prepared. 

This new compound, which is 5-0-mycarosyl- 
20-dihydro-20 , 23-dideoxytylonolide, will be called 
mycarosyltylactone for convenience herein, Mycarosyl- 
10 tylactone has structure 1: 



/•II 7*. OH 
Chz-•^z sf-CHs-CHcs ,• t^-CHa 

11 19 I IS 20 / 3 \ 

,• CH3 i 0 •; 4;«-0H 

CH3-f14 ^0 f 



15 



20 



25 



' i-OH iHs 



CH3H.H2^15 



Although no srereochemical assignments are indicated in 
the structures given herein, the stereochemistry of the 
compounds is identical to that of the corresponding 
portion of tylosin. As the name indicates, the sugar 
in structure 1 is mycarose. 
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Related .ycarosyltylactone derivatives have 

Structure 2_: 



23 

CH3- 



10 




CH3^H2-«<I5 • 



-CHs 



10 



antxi 

biot 

as a 
deri 



15 



20 



r.r=^ are acyl moieties. 

«,„«ne derivatives wHich ca. .e prepared frc» the 
l^arosylty.actone derivative. °' 

"rra;trort:e"::ra;tIe derivatives 
rriirird : dloi^si. o. „.=aro=vit.ia=to„e .r the 
^'.arosyXtylactone derivatives of structure 2, re 

speotively.^^ 3.0.acyltyla=tone derivatives o£ this 
invention have structure 3; 



25 



!! I, 



CH3- 



""•-CH2-CH3 
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The compounds of structures ]L, 2_, and _3 are 
useful intermediates from which 16-membered macrolide 
antibiotics can be prepared. Thus, for example, this 
invention provides a new process for chemically 
derivatizing a compound of formula 2 give the 
corresponding 3-monoacyl 16-membered macrolide anti- 
biotic. 

One important use of mycarosyltylactone is 
as an intermediate to make tylactone and tylactone 
derivatives. Tylactone has the formula 4_. 



11 

• 



pCH3 

\ 



15 ^^"M V-CHa-CHs 

t CH3 i-OH 

CH3-» \ 

2-1. ,I-OH 



V8V 



Mycarosyltylactone can be distinguished from 
tylactone and tylosin by silica-gel thin-layer chroma- 
tography (TLC) • Sulfuric acid spray, either concentrated 
25 or diluted (50%) , may be used for detection. With this 
detection system tylactone appears initially as a 
yellow-to-brown spot, and mycarosyltylactone appears as 
a blue-purple spot. If silica-gel plates with a 
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fluorescent background are used in the chromatography, 
OV detection is convenient. The approximate Rf values 
of mycarosyltylactone are summarized in Table 1. 

Table 1 



25 



TLC of Mycarosyltylactone 
Rf Value 



a 



Compound 



Mycarosyltylactone 

10 0.50 0.62 

Tylactone 



0.17 0.44 
0.50 0.6: 
0.0 0.0 



Tylosin 

^Medium: Silica gel 

bcnlvenf A = benzene: ethyl acetate (4:1) 
solvent. .A ^ ^^^^^ acetate (3:2) 

Mycarosyltylactone can be prepared by culturing 
a strain of Streptomyces fradiae which produces thxs 
compound under submerged aerobic conditions - - 
suitable culture medium until a substantial amount of 
20 compound is produced. 

^° The culture medium used to grow the Strepto- 

n^yces fradiae can be any one of a number of media. For 
;;;;;;n.y in production, optimal yield, and ease of 
product isolation, however, certain culture m.edia are 
preferred. Thus, for example, preferred carbon sources 
in large-scale fermentation include carbohydrates such 
as dextrin, glucose, starch, and corn meal and oils 
such as soybean oil. Preferred nitrogen sources 
include corn meal, soybean meal, fish meal, amino acids 
and the like. Among the nutrient inorganic salts which 
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can be incorporated in the culture media are the 
customary soluble salts capable of yielding iron, 
potassium, sodium, magnesium, calcium, ammonium, 
chloride, carbonate, sulfate, nitrate, and like ions. 

Essential trace elements necessary for the 
^ ' growth and development of the organism should also be 
; included in the culture medium. Such trace elements 

# commonly occur as impurities in other constituents of 

the medium in amounts sufficient to meet the growth 
^ requirements of the organism. It may be necessary to 

^ '° add small amounts (i.e. 0.2 ml/L) of an antifoam agent 

such as polypropylene glycol (M.W. about 2000) to 
I large-scale fermentation media if foaming becomes a 

j problem- ' . . £ 

For production of substantial quantities of 

mycarosylty lactone, submerged aerobic fermentation in 
^anks is preferred. Small quantities of mycarosyl- 
tylactone may be obtained by shake-flask culture. 
Because of the time lag in production commonly asso- 
ciated with inoculation of large tanks with the spore 
form of the organism, it is preferable to use a vege- 
tative inoculum. The vegetative inoculum is prepared 
by inoculating a small volume of culture medium with 
the spore form or mycelial fragments of the organism to 
obtain a fresh, actively growing culture. The vege- 
" tative inoculum is then transferred to a larger tank. 

The medium used for the vegetative inoculum can be the 
same as that used for larger fermentations, but other 

media can also be used. 

The microorganism of use in the process of 
the invention was obtained by chemical mutagenesis of a 
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Streptomyces fradiae strain which produced tylosin. • : 

;;;;7:anism obtained by mutagenesis produces only 
n^inimal amounts of tylosin, but produces mycarosyl- 
tylactone and tylactone as major components. 

The new microorganism which produces mycarosyl- 
tylactone is classified as a strain of Streptomyces 
fradiae. A culture of this microorganism has ceer. 

Ted and made part of the s.ock culture collec.cr. 
of the Northern Regional Research Center, Agricultura. 
Research, North Central Region, 1815 North Universxty 
Street, Peoria, Illinois, 61604 . from whxcr. is 
available to the public under the accession nu.cer 

12201. . 

AS is the case with other organisms, the • 

characteristics of Streptomyces fradiae NRRL 12201 are 
subject to variation. Recombinants, mutants or variants 
of the NRRL 12201 strain can be obtained by methods known 
in the art. For example mutants can be obtained by 
treatment with various known physical and chemical 
K^utagens, such as ultraviolet light. X-rays, gamma 
^ays and N-methyl-N > -nitro-N-nitrosoguanidine . All 
Natural and induced variants, mutants and recombinants 
of Streptomyces fradiae NRRL 12201 which retain the 
cha^I^^^^I^of mycarosyltylactone production may be 
used ro prepare the compounds of this invention. 

S fradiae NRRL 1220l1'"can be grown at tem- 
peratures ^tween about 10° and about AO^C. Optimum 
production of mycarosyltylactone appears to occur at 
temperatures of about 28 °C. 
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AS is customary in aerobic submerged culture 
p,,,esses. sterile air is bubbled through the culture 
Ldium. For efficient antibiotic P-^---;;;j:: 
cent of air saturation for tank productxon should 
about 30% or above (at 28»C and one atmosphere of 

'production of mycarosyltylactone and tylactone 
can be followed during the fermentation by testxng 
samples of the broth, using TLC or high-performance 
liquid chromatography with a UV detection system 

Following its production under submerged 
aerobic fermentation conditions, ^Vcarosyltylactone can 
be recovered from the fermentation medxum by methods 

.ycarosylty lactone in water, it may not be a -gether 
soluble in the medium in which it xs produced. Recovery 
o. .vcarosylty lactone, therefore, can be accomp xshed 
by 1 extraction of the fermentation broth or 2) fil- 
tration of the fermentation broth and extraction of 
both the filtered broth and the mycelial cake. A 
variety of techniques may be used in the extraction 
processes. A preferred technique for purification of 
the filtered broth involves extracting the broth 
(generally without pH adjustment) with a suitable 
solvent such as amyl acetate or petroleum ether, con- 
centrating the organic phase under vacuum to give 
crystals or an oil. The crystals or oil thus obtained 
K,ay be purified by adsorption chromatography to give 
mycarosyltylactone and tylactone. 
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Mycarosyltylactone can be esterified at the ^ 
3- and 4'-hydroxyl groups to give the acyl ester deriv- 
atives of formula 2 by treatment with acylating agentsj 
using methods known in the art. The acyl ester deriv- , 
atives of mycarosyltylactone are useful as intermedial^ 
in the preparation of new macrolide antibiotics. ; 

Typical acylating agents include anhydrides,, 
halides (usually in combination with a base or other 
acid scavenger) and active esters of organic acids. 
Acylation can also be achieved by using a mixture of 
organic acid and a dehydrating agent such as N.,N'- 
dicyclohexylcarbodiimide . 

The derivatives can be prepared by esteri- 
fication techniques generally known in the art, such 
as, for example, treatment of the compound with a 
stoichiometric quantity (or a slight excess) of an 
acylating agent, such as an acyl anhydride, in an 
organic solvent (for example, pyridine) at about 0»C to 
about room temperature for from about 1 to about 24 
hours until esterif ication is substantially complete. 
The ester derivative can be isolated from the reaction 
mixture by standard procedures such as extraction, 
chromatography and crystallization. 

Useful esters are those of organic acids 
including aliphatic, cycloaliphatic , aryl, aralkyl, 
heterocyclic carboxylic, sulfonic and alkoxycarbonic 
acids of from 1 to 18 carbon atoms, and of inorganic 
acids, such as sulfuric and phosphoric acids. 

Preferred esters are those wherein R is an 
acyl moiety derived from a monocarboxylic acid or 
dicarboxylic acid of from 1 to 18 carbon atoms. 
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Representative suitable esters include those 
derived from acids such as formic, acetic, chloro- 
acetic, propionic, butyric, isovaleric, glucuronic, 
alkoxycarbonic, stearic, cyclopropanecarboxylic , 
cyclohexanecarboxylic, B-cyclohexylpropionic , 1- 
adamantanecarboxylic, benzoic, phenylacetic, phenoxy- 
acetic, mandelic and 2-thienylacetic acids, and alkyl-, 
aryl-, and aralkyl-sulf onic acids, the aryl- and 
aralkyl- acids optionally bearing substituents such as 
halogen, nitro, lower alkoxy and the like on the 
aromatic moiety. Suitable esters also include hemi- 
esters derived from dicarboxylic acids such as suc- 
cinic, maleic, fumaric, malonic and phthalic acids. 

The compounds of structures 1, 2 and 3 are 
useful intermediates from which 16-membered macrolide 
antibiotics can be prepared. For example, mycarosyl- 
tylactone (1) can be hydrolyzed using mild acid con- 
ditions to give tylactone (4). Likewise, a mycarosyl- 
tylactone derivative of formula 2 can be hydrolyzed to 
give the corresponding 3-0-acylty lactone derivative of 
formula 3^. 

Mild acid hydrolysis conditions are known in 
the art. Appropriate solutions having a pH of about 
four or below can be used to accomplish the hydrolysis, 
A polar organic cosolvent, such as an alcohol (for 
example, ethanol) , should be included in the solution 
to keep the reactants in solution. Temperatures of 
about 20° to about lOO^C can be used in this method. 
The reaction time needed to carry out the hydrolysis 
varies, depending upon the pH of the reaction mixture 
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and the temperature used. At higher pH levels the 
reaction rate is slower, and at higher temperatures 
the reaction rate is faster. The reaction is carried ., 
out by treating mycarosyltylactone or a 3-0-acylmycarosy|^ 
tylactone derivative with a mild acid solution for a ^ 
time sufficient to effect removal of the mycarosyl >1 
group to give tylactone, or 3-0-acyltylactone . 

Tylactone can be bioconverted to tylosin or 
tylosin-related compounds. The bioconversion is 
accomplished by adding tylactone to a growing culture 
of a bioconverting microorganism. The bioconverting 
microorganism can be a Streptomyces strain which either 
produces tylosin itself or is capable of producing 
tylosin except that it is blocked in tylactone formation. 

A strain which is capable of producing 
tylosin except that it is blocked in tylactone for- 
mation can be obtained by treating a tylosin-producing 
strain with a mutagen and screening survivors for those 
which are unable to produce tylosin. Those survivors 
vhich are unable to produce tylosin are further screened 
to determine which strains are unable to produce 
tylactone but are still capable of bioconverting 
tylactone to tylosin. These strains are identified by 
adding tylactone to small shake-flask cultures of the 
selected survivors to determine if they bioconvert 
tylactone to tylosin. 

Streptomyces fradiae strains NRRL 27 02 and 
NRRL 2703 are examples of Streptomyces strains which 
are capable of producing tylosin. A typical mutagen 
which may be used to obtain the selected strains is 
N-methyl-N'-nitro-N-nitrosoguanidine. 
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r.^ the 3-0-acyltylactone deriv- 
Tv"'actone and tne juajr j ^.„„f 
■.^^v useful in the preparation of 
— are especxa y ^^^^^^^^^ ^^^^^^^^ 

.abeled -^^^^f/^/^/.^.y.Ltone portion or the added 
By labeling J^,,^ ,,,eled tylosin useful for 

biosynthetic or ;,rtone derivatives 

provided: 

Example 1 

^ in 1-2 ml of sterilized water. 
.KRL 12201 was dispersed in 1 2 m ^^^^ 

. portion of this J^^ the fol- 

oculate a vegetative medium (150 
lowing composition! 

Amount (%)_ 

20 ingredient 

corn steep liquor 
Yeast extract 
soybean grits 



15 



25 



CaCO^ 

soybean oil (crude) 
Deionized water 



0.45 
97.25 
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Mternatively, a vegetative culture of 

in 1-ml volumes, in 
^- ^ MPRT 12201 preserved, m i 
^ni^oge was rapidly thawed and used to inoculate 
Uquxd nitrogen ^^e inoculated vegetative 

the vegetative medium. Tne inoo 

tne vey 500-inl Erlenmeyer flask at 

n^edium was incubated in 500 

290C. for about 48 hours on a closed box 

mcubated vegetative .ediu. (0.5 .1) was 
,3ed to inoculate 7 .1 of a production medium having 



20 



Inaredient 


Amount (%) 


2.0 


Beet molasses 


1.5 


Corn meal 


0.9 


Fish meal 


0.9 


Corn gluten 


0.1 


NaCl 


0.04 




0.2 . 


CaCO^ 

soybean oil (crude) 


3.0 
91.36 


Deionized water 



The inoculatea reim«=i.-..w-— 
closed-box shaker at 300 rpm. 
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3 TankJ^rmenta^^ 

in order to provide a larger volume of inocu- 
Xu., 60 .1 of vegetative culture, prepared in a .anner 
Sim lar to that described in section A, was used to 
ilLulate 38 L of a second-stage vegetative growth 
xnedium having the following composxtxon: 

Amount (%). 



I ngredient 

Corn steep liquor 
Soybean meal 



1.0 
0.5 



'10 4. 0,5 

Yeast extract 

0.3 

^^^°3 0 5 

Soybean oil (crude) 



0.015 
97.185 



ba 



Lecithin (crude) 
Water 

^- ^-r, R 5 with 50% NaOH solution. 

The pH was adjusted to 8.b wii^n 

This second-stage vegetative medium was incu- 

ted in a 68-liter tank for about 47 hours at 29«>C. 
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second-stage culture (4 L) thus prepared wa^; 
used to inoculate 40 liters of sterile production 
medium having the following composition: 



Ingredient 

Fish meal 
Corn meal 
Corn gluten 
CaCOj 
NaCl 

(NH^) 2HPO4 

Beet molasses 

Soybean oil (crude) 

Lecithin 

Water 



Amount (%) 

0.92 
1.57 
0.92 
0. 21 
0. 10 
0. 04 
2. 10 
3.15 
0.09 
90. 90 



30 



The pH was adjusted to 7 . 2 with 50% NaOH solution. 
The inoculated production medium was allowed 
to ferment in a 68-liter tank for about 5 days at a 
temperature of 28°C. The fermentation medium was 
aerlted with sterile air to keep the dissolved oxygen 
level between about 30% and 50% and stirred with 
conventional agitators at about 300 rpm. 

Example 2 

isolation of Mycarosyltylactone a nd Tylactone . 

Fermentation broth (900 ml) , obtained as 
described in Example 1, Section A, was extracted with j 
petroleum ether (900 ml) . The petroleum ether extract* 
was concentrated under an air stream to give an oil. 
The oil was dissolved in a small amount of ethyl 
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«tate (about 15 ml) . Heptane (about 15-20 ml) was 
aaaef ihe ethyl acetate was slowly allowed to evap- 
tate'to permit crystallisation. The crystals were 
separated to ,ive 450 m, oJ a crystalline m.,ture of 

..lactone and "V--^^"//™;,, ^ „,,.,„ed by 

Additional materxal couia 

adding an e^ual volume of methanol to 
„.ole broth, filtering the resulting so.^^o.^^^ 
extracting the filtrate with methylene chloride. 

The crystalline mixture (400 mg) was separated 
by dissolving it in benzene. The benzene solution was 
chromatographed on a silica-gel (Woelrn) column pacMed 
In benzene. Blution was monitored by ^^l^^^'^^^^ 
l„er chromatography, using a benzene = ethyl acetate 
,3 2) solvent system and concentrated sulfuric acid 
p;ay for detection. The column was first eluted with 
henzene to remove lipid substances, then with one liter 
of benzene = ethyl acetate ,0 = 1), 1400 ml of 
ethyl acetate (6=1) and 900 ml of benzene=ethyl acetate 
(3 1) to separate and isolate tylactone and "V-'-^fl- 
tvla tone. Fractions having a volume of about 150 ml 
lire collected. Tylactone was eluted first (fractions 
14-19) , and mycarosyltylactone later (fractions 22- 
26) Fractions containing each were combined, evap- 

A ^.,-^7c+-a^ 1 ized from heptane to 
orated under vacuum, and crystaliizea 
- : 160 m. of tylactone and 120 m. of mycarosyltylactone. 

Mycarosyltylactone is a vhite solxd wh.ch 
crystallizes from heptane, hexane or ethyl a-tate- 
hexane and which melts at about 182-1840C. It has the 
hexane an percentage elemental composition: 

following approximate percentage 

30 
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carbon, 67%; hydrogen, 9%; and oxygen, 24%. It has an A 
empirical formula of ^30^50^8 ^ molecular weight of 

about 53 8. 

The infrared absorption spectrum of mycarosyl- j 
tylactone in chloroform is shown in the accompanying 
drawing. Observable absorption maxima occur at the 
following frequencies (cm ^) : 3640 (medium) , 2941 and ; 
2907 [doublet (strong)], 2421 (very small), 1712 (strong)/J 
1678 (medium), 1623 (small), 1590 (strong), 1456 
(medium), 1404 (small), 1374 (small), 1359 (shoulder), 
1314 (small), 1284 (small), 1263 (very small), 1229 
(small), 1178 (strong), 1157 (medium), 1134 (very 
small), 1109 (small), 1078 (very small), 1050 (medium), 
1025 (very small), 1000 (strong), 984 (strong), 962 
(medium) , 920 (very small) , 911 (very small) , 887 
(small) , 867 Csmall) , 848 (shoulder) , 836 (small) , and 
799 Csmall). 

The ultraviolet absorption spectrum of 

mycarosyltylactone in neutral ethanol exhibits an 

1% 

absorption maximiam at about 282 nm (E, = 568) . 

icm 

Mycarosyltylactone has the following specific 



(c 1, CH^OH) 



25 

rotation: [ci] -46.4* 

Mycarosyltylactone is nearly insoluble in 
water, but is soluble in organic solvents such as 
acetone, methanol, ethanol, dimethylf ormamide , chloro- 
form, diethyl ether, petroleum ether, benzene and 
dimethyl sulfoxide . 
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Example 3 

^^^^^_Pj__o-..o^YT-5-0-mvcarosYltYlactone 

Mycarosylty lactone (20 mg) , prepared as 
.escribed in Example 2, was dissolved in pyridine 
(0.5 ml). Acetic anhydride (0.25 ml) was added. The 
Lulting mixture was stirred at room temperature for 
15 hours and then concentrated to dryness under 
Luum. The residue was .e-evaporated from methanol- 
cyclohexane until a solid was obtained to g.ve 3,4 - 
10 di-O-acetyl-5-O-mycarosylty lactone. 

Examples 4-7 
3 4 • -Di-O-propionyl-S-O-mycarosyltylactone, 
was prepared according to the procedure of Example 3, 

but usinq propionic anhydride. 
15 but P J_^._^_.^^^^,^,y,_5.o-.ycarosyltylactone, 

was prepared according to the procedure of Example 3, 

but using isovaleric anhydride. 

3 4 '-Di-O-benzoyl-S-O-mycarosylty lactone, was 

20 prepared according to the procedure of Example 3, but 

usinq benzoic anhydride. 

3 4 • -Di-0- (n-butyry 1) -5-0-mycarosy Itylactone , 

vas prepared according to the procedure of Example 3, 

but using n-butyric anhydride. 

25 Example 8 

P^epH£tion_olJylac^^ 

Mycarosyltylactone, prepared as described in 
Example 2, was dissolved in a methanol-aqueous hydro- 
Exampie i q\ The resulting solution 

30 chloric acid solution (pH 1.8). Tne r 



00^5205; 



X-5659 



-18- 



10 



15 



20 



25 



was allowed to stand until hydrolysis was complete 
(warming over a steam bath for about 30 minutes) and 
then adjusted to pH 7 . 0 by the addition of sodium 
hydroxide. This solution was extracted with ethyl 
acetate, dichloromethane or chloroform. The extract 
was dried and evaporated under vacuum to give tylactone. 

Tylactone is a white solid which crystallizes^ 
from heptane, hexane or ethyl acetate-hexane and which 
melts at about 162-163 °C. It has the following approxi- 
mate percentage elemental composition: carbon, 70%; 
hydrogen, 9.7%; oxygen, 20.3%. It has an empirical 
formula of <^23^3q'^5 ^ molecular weight of about 

394 . 

The infrared absorption spectrum of tylactone 
in chloroform has observable absorption maxima at the 
following frequencies (cm""'-) : 3534 (medium) , 2924 
(strong), 2398 (weak), 2353 (weak), 1709 (very strong), 
1678 (very strong), 1626 (small), 1592 (very strong), 
1458 (strong), 1441 (shoulder), 1404 (strong), 1379 
(small), 1316 (strong), 1284 (medium), 1181 (very 
strong), 1143 (strong), 1103 (medium), 1078 (medium), 
1049 (very small), 1025 (medium), 984 (very strong), 
958 (strong), 923 (medium), 911 (shoulder), 859 (small), 
868 (medium) , 840 (medium) , 820 (very small) and 661 
(small) . 

The ultraviolet (UV) absorption spectrum of 

tylactone in neutral ethanol exhibits an absorption 

1% 

maximum at about 282 nm (E^cm " ' 
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tation: 
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Tylactone has the following specific ro- 
,25 



30 



[a] 



-55.23» (c 1, CH3OH) . 




Electrometric titration of tylactone ^ift,^6%.gj||ps^ 



aqueous dimethylformamide indicates it has no .titrata- 
ble groups. 

Tylactone is nearly insoluble in water, but 
is soluble in organic solvents such as acetoney , methanol, ; 
ethanol, dimethylformamide, chloroform, diethyl ether, 
petroleum ether, benzene and dimethyl sulfoxide. 

Example 9 
Preparation of 3-0- A cetyl tylactone 

3,4' -Di-O-Acetyl-5-O-mycarosy Itylactone , pre- 
pared as described in Example 3, was hydrolyzed according 
to the method of Example 8 using methanol : 0 . IN HCl 
Cl:l; PH 1.5) to give 3-0-acetylty lactone. 

Example 10-13 

3-0-Propiony Itylactone, was prepared from 3,4'- 
di-O-propionyl-5-O-mycarosyltylactone of Example 4 

according to the procedure of Example 9. 

3-0-Isovalery Itylactone, was prepared from 3,4'- 
di-O-isovaleryl-5-O-mycarosyltylactone of Example 5 

using the procedure of Example 9. 

3-0-Benzoylty lactone, was prepared from 3,4'- 
di-O-benzoyl-5-O-mycarosylty lactone of Example 6, using 

the procedure of Example 9. 

3-0- Cn-Butyryl) tylactone, was prepared from 
3,4'-di-0-(n-butyryl)-5-0-mycarosyltylactone of Example 7, 

using the procedure of Example 9. 
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Example 14 
Prepa ration of Tylosin from Tylactone 

— — - • rt^-* 

A Streptomyces f radiae strain which f ormerly^iyj^ 
produced tylosin but which is blocked in macrolide rir 
closure was fermented according to the procedure de-^ 
scribed in Example i. , Section A. A temperature of 28-*ey 
was used. Tylactone was added to the fermentation 48 .^^ 
hours after inoculation. The fermentation was then 
continued until a substantial amount of tylosin was 
produced, i.e. for about three additional days. The 
presence of tylosin was determined by testing samples 
of the broth against organisms known to be sensitive to 
tylosin. One useful assay organism was Staphylococcus 
aureus ATCC 914 4. Bioassay was conveniently performed 



by an automated turbidometr ic method. Alternative V 
assay methods include thin-layer chromatography and 
high-performance liquid chromatography with UV detection. 

Example 15 

20 Preparation of Labeled Tylosin 

Mycarosyltylactone was prepared by the method 
of Examples 1 and 2 except that a labeled acetate, 
propionate, or butyrate was incorporated into the fer- 
mentation medium- Labeled mycarosyltylactone thus 
produced was used to prepare labeled tylactone using 
the method of Example 8. The labeled tylactone was 
used to prepare tylosin according to the procedure of 
Example 14. Tylosin labeled on the macrolide ring was 
thereby provided. 
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Example 16 

Preparation of 3"0"Acetyl-5-0-B-desosaminyltylactone 

3-0-Acetylty lactone, prepared as described in 
Example 10, was mixed with l-a-bromo-2-O-acetyldesosaini^e 
5 hydrobromide (5 equivalents) in the presence of mercuric 
cyanide in nitromethane (20''C, 10 hour 3) . 3,2'-0- 
diacetyl-5-O-0-desosaminyltylactone was isolated using 
silica gel column chromatography. The 2 '-acetyl group 
was removed by allowing this compound to stand in 
methanol at room temperature to give 3-0-acetyl-5- 
0-0-desosaminyltylactone (the 3-0-acetyl derivative of 
antibiotic M-4365 G, ) . 
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CLAIMS 



A macrolide of formula (I) 



• 10 ef- CH3 

II r 

16 1 IS 2C 

Ch3 ,i 



17 16 



CH3-f 14 



10 ch3-<;h2-1i5 • ,«-0R 



(I) 



wherein R is hydrogen or acyl, and wherein Q is hydrogen 
or a mycarosyl croup of formula: 

(j)H^CH3 



^0- 



CH3 



wherein R"^ is hydrogen or acyl; 

provided that when Q is hydrogen, R is acyl. 

2. A macrolide of formula (I) as claimed in 
claim 1, wherein when R is acyl, Q is hydrogen or a 
mycarosyl group m which R is acyl. 

3. A macrolide of formula (I) as claimed 
in claim 1 or 2 , where R and R are acyl moieties 



derived from a mono or dicarboxylic acid containing 
from 1 to 18 carbon atoms. 
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hydrogen and u is» ^ 

fr^Tlowed optionally oy : 
ui =i ation L for. a compound of formula U, 
" "which on. o. both of R ana Q are aoyl, 

--r;:rr;ararr:oir/aroroj:i 

Tf fc^uIa ,1) in which Q is hydro^.n and 

R is acyl- 

6 sireptomyces fradiae NRRL 122£i- 

. wi« orMirces of carbon, 
f.adiae NRRL 12201 and ass..Uable sources 

^ .J ^ /-, T i-r a n i n salts, 

nitrogen ciuu — 
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CLAIMS 



1. A process for preparing a macrolide of 



formula (I) 



10 



• 1 c s^Wz 

li i 



T 6 I 1 S 



=1' 



CH3-f 14 



'>4 



(I) 



15 



wherein R is hydrogen or acyl, and wherein Q is hydrogen 
or a mycarosyl group of formula: 



20 



25 



30 



wherein R is hydrogen or acyl; 

provided that when Q is hydrogen, R is acyl; 

which comprises culturing a strain of Streptomyces 

fradiae NRRL 12201 under submerged aerobic conditions 

in a culture medium containing assimilable sources of 

carbon, nitrogen and inorganic salts so as to produce a 

compound of form.ula (I) m which R is hydrogen and Q is 

a mycarosyl group in which R"^ is hydrogen; followed 

optionally by: 



i 

I 
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(a) acylation to form a compound of formula (I) 
in which one or both of R and Q are acyl; 

(b) mild hydrolysis of a compound of formula (I) 
prepared as in (a) above to give a macrolide 
of formula (I) in which Q is hydrogen and 

R is acyl. 

2. A process according to claim 1 for 
preparing mycarosyltylactone. 
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